Introducere: Adenocarcinomul ovarian reprezintă la nivel global, a doua cauză de neoplazie în rândul tumorilor ginecologice, dar este principala cauză de mortalitate prin tumori ginecologice. Scopul acestui studiu a fost să identifice intensitatea stresului oxidative la pacienţii cu adenocarcinom ovarian şi să identifice relaţiile dintre diferite specii reactive de oxigen (ROS) şi prezenţa tumorii reziduale. Pacienţi şi metode: Treizeci-şi-cinci paciente cu adenocarcinom ovarian stadiul II-IV, diagnosticate între 2010-2017, care au primit tratament multimodal constând în intervenţie chirurgicală şi chimioterapie pe baza de săruri de platină au fost incluse în studiu. ROS măsurate în dinamică (4 determinări înaintea fiecărui ciclu de chimioterapie) au fost malondialdehida pentru evaluarea peroxidării lipidice, cerulosplamina, grupările tiol şi antioxidanţii totali. Rezultate: S-a înregistrat o creştere sistematică a valorilor ROS: valorile medii ale malondialdehidei au fost de 8.1 μmol/ 100 ml (valorile normale sub 4 μmol/100ml); valoarea media a ceruloplasminei a fost de 144.8 U.I. (normal 120U.I). Ambele valori crescute arată că tumora induce un important proces oxidativ. Valorile tiolilor au fost puţin scăzute faţă de valorile normale (395 vs. 450 μmol/l). S-a constat o uşoară creştere a valorilor antioxidanţilor totali (1.44 vs 1.4 μmol). Toţi aceşti patru compuşi au scăzut între prima şi a patra determinare. S-a înregistrat o corelaţie puternică între malondialdehida şi ceruloplasmină (coeficient Pearson 0.315 p=0.005) şi între peroxidarea lipidică şi grupările tiolice (coeficient Pearson 0.23 p=0.039), precum şi între grupările tiolice şi antioxidanţi (coeficient Pearson 0.33 p=0.003). Peroxidarea lipidică şi
Introduction
Epithelial ovarian cancer is world-wide the seventh cause of cancer in women and the eight causes of death but ovarian cancer is the commonest cause of gynaecological cancerassociated death and the second cause of gynaecological cancer, especially because the vast majority of patients presents in advanced stage (1) .
Surgery with curative intent and platinumbased chemotherapy are the backbone of treatment, but more recently, combination with anti-angiogenic agents and treatment with PARP inhibitors emerged as viable options (2) . Chronically activated angiogenesis is a hallmark of ovarian cancer due to an augmentation of pro-angiogenic signals thus sustaining cancer nutrition.
Reactive oxygen species (ROS) are involved in the development and progression of many cancers and has been showed to activate protumorigenic signalling, increase tumor cell survival and proliferation, DNA damage and genetic instability. Oxidative stress is defined as the imbalance between ROS and cellular antioxidative capacities and is based on a disruption of redox signalling (3, 4, 5) . Reactive oxygen species interact with essential macromolecular structures, especially with nucleic acids, proteins, lipids. Because these structures are essential for tumor metabolism, ROS may interact with normal cellular function (6) .
Increase reactive oxygen species production has been discovered in many types of cancer but their implication in carcinogenesis and tumor progression is not yet fully understood. Elevated levels of ROS are oncogenic, may cause DNA damage, promotes genetic instability and tumorigenesis, acts as signalling molecules, cause proliferation and cancer cell survival, abnormal cell growth, invasion and metastasis and resistance to apoptosis (5, 7) .
ROS play important role in angiogenesis by endothelial progenitor activation, signalling of vascular endothelial factor (VEGF) and angiopoietin and recruitment of perivascular cells (8) .
The aim of this study was to determine the oxidative stress in patients with epithelial ovarian cancer treated with surgery and chemotherapy (platinum salts), to determine if the presence of tumor increases the production of reactive oxygen species and how measurement of oxidative stress can be integrating in treatment strategy. The hypothesis was that because of the accelerated metabolism, tumor tissue is an inductor of oxidative stress.
Materials and Methods
Thirty-five patients diagnosed in our centre with epithelial ovarian carcinoma between January 2010 and December 2017 were included in the study. The inclusion criteria consisted in women more than 18 years old, diagnosed with epithelial ovarian cancer stage II-IV who underwent surgery with radical intent (total hysterectomy and bilateral ovariectomy and excision of all macroscopic disease in the abdomen) or biopsy, ECOG performance status less than 2, willing to undergo chemotherapy. Initial workup of the patients consisted in complete blood count, liver and renal function assessment, CA125, pelvic and abdominal CT or MRI. All the patients signed the informed consent approved by the Ethics Committee of our Institute. The treatment consisted in platinum-based chemotherapy (paclitaxel 175 mg/m 2 and Carboplatin AUC 5-6 every 3 weeks). Blood samples (5 ml) were obtained in dynamic at the beginning of each cycle of chemotherapy (for a total of 4 samples). Serum was isolated by centrifugation, and the following determinations were performed: lipid peroxides, ceruloplasmin, thiols and antioxidants.
Lipid peroxides were evaluated by measuring the serum concentration of malondialdehyde (MDA). Spectrophotometric Carbonneau method was used and this method is based on the production of a coloured adduct (MDA-TBA2) with a maximum of absorption at 532 nm depending on concentration. It had normal levels between 0-4 μmol/100 ml serum;
The oxidative activity of ceruloplasmin was determined using Ravin method based on the reaction between p-phenylen diamine in an acid acetic acetate tampon. It is a spectrophotometric method too, and the intensity of the colour developed at 540 nm is directly proportional to the concentration of ceruloplasmin. Normal values were registered between 80 and 120 U.I.
SH-albumin thiols groups were measured by reaction with Ellman reactive (5,5 ditio-bis nitrobenzoic) which reached a maximum intensity at 412 nm concordantly with the SHgroups. Normal levels range between 370 and 450 μmol/ l (9).
Total antioxidants were measured starting from the ability of serum to reduce the iron (at a low pH the complex Felll -tripiridil-striazina is reduced at the ferrous state and an intense blue complex is formed, and the maximum of colour is at 593 nm). Normal value of antioxidants is between 0.9 and 1.4 μmol/l.
Results
Thirty-five patients with histological confirmed ovarian cancer were included in the study. The vast majority of the patients were stage III (51.4%) and stage IV (28.6%) and only 20% Chirurgia, 113 (5), 2018 www.revistachirurgia.rostage II. Median CA-125 value was 621 U/ml. Oxidative stress was assessed by measuring malondialdehyde, ceruloplasmin, thiols and total antioxidants.
Median value of the malondialdehyde (the final product of lipid peroxidation) was 8.12 μmol/100 ml serum compare to normal value of less than 4 μmol/100 ml serum.
Ceruloplasmin (CP) is a copper binding protein of acute phase, synthesized mainly in the liver, which is increased in inflammation, pregnancy and trauma. As a multifunctional enzyme ceruloplasmin shows amino-oxidase, superoxide dismutase, and ferro-oxidase activity (10). In our lot of patients, the median value of ceruloplasmin was elevated, mean value was 144.78 U.I. compare to normal value 120 U.I. showing an active oxidative process in patients with ovarian cancer.
In order to demonstrate the existence of a system that developed oxidative stress, the thiols were measured as a result of the oxidative attack to circulating proteins especially albumins. A small decrease of the normal value was noticed (395 vs. 450 μmol/l) and that difference may be due to endogenous activation of the antioxidants.
Considering that the oxidative stress is an imbalance between ROS and antioxidants, we measured the value of total endogenous antioxidants (Table 1 ). An increase of the total antioxidants was noticed (1.44 vs 1.4 μmol/l). This concern only the non-enzymatic endogenous system and the patients has no consumption of exogenous antioxidants.
The value of ROS was evaluated in dynamic before each cycle of chemotherapy to a total of 4 determination. Lipid peroxidation levels decrease between the first determination and the last one (9.08 vs. 6.93 μmol/100 ml) (Fig. 1A) . Ceruloplasmin mean levels were 169.6 U.I. at the beginning of the treatment and decreased to a value of 139 U.I. after four cycles of platinumbased chemotherapy (Fig. 1B) . Thiols decreased from 375.61 to 305 μmol/l (Fig. 1C) and antioxidants decreased from 1.5 to 1.34 μmol/l (Fig. 1D) .
There was a strong correlation between lipid peroxides levels and ceruloplasmin (Pearson correlation 0.315 p=0.005) ( Fig. 2A) and between lipid peroxides and thiols groups (Pearson correlation 0.23 p=0.039). There was a correlation between thiols and antioxidants Pearson correlation 0.33 p=0.003 (Fig. 2B) .
In order to determine if the presence of the tumor is a factor that induces oxidative stress the lot was divided in two sub-groups. First consisted in patients with stage I-II and no residual disease, and the other consisted of patients with stage III and IV with measurable tumors. In our lot of patients, lipid peroxidation was significant higher in the group of patients with tumor present (mean value was 9.9 vs. 6.7 μmol/100 ml, p=0.039). Regarding ceruloplasmin there was a significant increase in the value of ceruloplasmin in patients with persistent tumor (mean 187 vs. 129 U.I. p=0.046). (Fig. 3A, B) . There was no significant difference between antioxidants in patients with or without tumor.
In our lot of patients, median overall survival was 69 months. In order to established if the presence of reactive oxygen species is a prognostic factor we compare the overall survival of patients with malondialdehyde higher than 8 and less than 8 μmol/ 100 ml (Fig. 4) .
Discussions
The imbalance between the production of reactive oxygen species and elimination of free radicals leads to a state of oxidative stress and damage of the important component of the cell. (11) . Oxidative stress has been showed to interfere with all phases of the oncogenic process such as initiation, promotion, progression, invasion and metastasis (12) . Increase reactive oxygen species has been detected in several cancer but their role in pathogenesis and progression of cancer is not clear. ROS have been showed to activate the pro-tumorigenic signalling, enhance cell proliferation, increase cell survival, increase glucose metabolism, adaptation to hipoxia, and favour genetic instability and DNA damage (5) . Tumor cell express high levels of antioxidants in order to detoxify this amount of ROS and establish the redox balance but still maintained a protumorigenic status and resistance to chemotherapy and apoptosis. Lipid peroxides can be formed by the attack of radicals, such as reactive oxygen species (ROS) and reactive nitrogen species (RNS), on polyunsaturated fatty acid residues of phospholipids. The persistence of oxidative stress and excess of lipid peroxidation can cause DNA damage and dysregulation of cell homeostasis, events involved in the pathogenesis of cancer. The most investigated compounds were malondialdehyde (MDA), acrolein, and crotonaldehyde (13) . The ability of this radical to modify DNA bases yielding mutagenic lesions, is considered to contribute to carcinogenic effects associated with oxidative stress.
When ROS are in small concentration, they have a role in cell signalling, switching the cell phenotype to angiogenesis and neovascularisation which contribute to tumor growth and proliferation. On the other part the production in excess of ROS become destructive and kill cancer cells (14) .
In our study, some parameters of oxidative stress were determined in order to established the role of tumor in inducing the oxidative stress. The results obtained showed that in these patients there is an increase in ROS production and that the primary target of attack is represented by lipids peroxidation. Malondialdehyde the final product of oxidative degradation of lipids, was much higher than the normal levels. This elevated level are the results of an intense oxide reaction by reactive oxygen species especially as a result of the oxygen metabolism. The high prevalence of lipid peroxidation as a result of ROS effects can be explained by the high probability to encounter constitutive lipids. Similar elevated levels of malondialdehyde were reported by a study which included 42 patients with ovarian cancer and find a significant statistic difference between the group of patients with ovarian cancer and control group (8.7 compare to 6.7 nmol/L). In this study malondialdehyde was not found to be prognostic (15) . Another way to objectivate the increase lipid peroxidation is to measure the levels of malondialdehyde in malignant tissue and this was tested in breast and lung cancer (16) . A recent study detect lipid peroxide malondialdehyde as an indicator of oxidative stress within the tissue samples of 34 ovarian cancer patients and find an eight time increase in the expression of ROS in patients with stage III and IV ovarian cancer compare to normal ovarian tissue (17) .
This increase of malondialdehyde was even higher in patients who still had measurable tumor. Comparing lipid peroxidation in patients with measurable tumor vs. patients with no tumor we can conclude that the presence of the tumor induces oxidative stress which lead to increase production of free radicals participating to the lepidic peroxidation reaction. A study in patients with breast cancer find a direct correlation between stage of the disease and increase of malondialdehyde, consisting to our results (18) . Ceruloplasmin levels were slightly elevated in our patients. Ceruloplasmin was tested as a diagnostic marker in patients with lung, breast, and head and neck cancer and higher levels were observed compere to control lot without cancer. Ceruloplasmin levels were corelated with tumor burden (10) . A recent study showed that ceruloplasmin and transferine are increased in patients with breast cancer after radiotherapy (19) . The extension of the degradation of proteins is at a much less scale, and it takes time to be activated so the thiols were not so elevated.
Because of the production in excess of ROS, we expected that the endogenous antioxidant system should be activated and the level of antioxidants will be much more elevated but this was not the case. The tumor produced in excess reactive oxygen species but it produces circulating proteins that contained sulphur and this can mimic an antioxidant action and stop the production of natural antioxidants. So, when the active metabolits of oxygen are produced in small concentration because of hipoxia, the molecular phenotype is modified throw neovascularization, and angiogenesis initiation (20) . Another explanation may be the fact that chemotherapy decreased the immunity and the antioxidant responses of the organism.
Another conclusion is the fact that lipids represents the primary target of oxidative attack. Based on the data obtained by measurement of the ceruloplasmin and total thiols who were slightly elevated, we can conclude that proteins are the second target of the oxidative attack. Protein that contained sulfur are degraded to thiols and have an antioxidant activity. This are produced in excess by the tumor in order to mask the oxidative stress and it emphasise the fact the tumor has a different oxidative mechanism compare to normal tissue.
During treatment, the tumor burden decreased and as a consequence the oxidative stress decrease and this may be the explanation why lipid peroxidation and ceruloplasmine decreased during chemotherapy even if it is known that chemotherapy (especially anthracycline and platinum salt) increase oxidative stress (21) .
A statistical significant correlation was found between malondialdehyde and ceruloplasmin and between thiols and antioxidants showing that this molecules interreacts and they may be used as biomarkers before and after surgery.
In patients were tumor was surgically removed the value of malondialdehyde and ceruloplasmine were significantly lower than in patients with macroscopic tumor, showing that tumor represents an important factor for increase oxidative stress.
Conclusions
In conclusion, the tumor produced in excess reactive oxygen species, in patients with epithelial ovarian carcinoma, and this can play an important role in invasion and metastasis. Further studies are needed in order to established that those biomarkers are prognostic or can be used to monitor the treatment response.
